Abstract
Introduction
With the development of technology, information such as part numbers, bar codes, operating instructions, date of manufacture, logos, etc., is needed for typical quality control monitoring, product tracking as well as consumer protection. A wide variety of marking and labeling methods has been used. Examples include press labeling, and ink-stamp marking.
Nowadays, the laser marking is widely applied and preferred due to having higher quality, non contact marking, high speed and high reproducibility. A very common method for laser marking is beam deflected scanning. In the beam reflected method, the laser is directed via a micromechanical optical scanner which consists of two galvanometer mirror as illustrated in Figure 1 . Using special software, a computer controls the galvanometer mirrors. The marking is done by directing the beam in directions x and y. The lasers used in this method are often CW CO 2 laser and CW (Q-switched) Nd: YAG laser with 532nm and 1046nm wavelength.
However, the conventional laser scanning software has limitation as it does not optimize the scanning sequence. Hence, the proposed software would implement GA in order to optimize the scanning sequence, thus reducing its operating time.
As for information, genetic algorithms are inspired by Darwin's theory of evolution [1] . Then, this genetic algorithms were formalized by Holland in 1975 [2] as a model of adaptation. Genetic Algorithms (GAs) are general-purpose search algorithms, which use principles inspired by natural genetics to evolve solutions to problems. Genetic algorithms combine selection, crossover, and mutation operators with the goal of finding the best solution to a problem.
Genetic algorithms search for this optimal solution until a specified termination criterion is met. Initially, the search space solutions are coded using the binary number. However, the other coding types have been taken into account for the representation. The real coding approach, RCGA has been an increasing interest in solving real-world optimization problems due to its flexibility. It has been successfully applied to a wide variety of scientific and engineering problems, such as optimization, machine learning, scheduling, computer games, stock market trading, automatic programming, transportation problems, medical, adaptive control and the traveling salesmen problem [3, 4] . In this paper, the GA would be based on RCGA [5, 6] to optimize the problem using real number representation. 
Problem Formulation
The task was given to optimize the scanning time with the shortest route. The scanning head would start from the home position, and then start to scan the first and the following objects. After the last object has been scanned, the scanning head would return to its home position. The scanning process would be similar to TSP problem, where the scanning head would travel from one object to another. The object to be scanned can be as simple as a line, shapes and to the complex object as pictures. Basically, each object would have its starting point and end point; the scan head would scan from the start point to the end point of the first object and travel to the start point of the next object to be scanned. The total scan distance is given by equation 1. (2) Where, Γ = fitness's control parameter In this research the GA is applied to determine the shortest route during scanning, thus optimizing the scanning time and the laser-on time required.
Methodology
GA is a general-purpose algorithm for solving a variety of problems, including combinatorial optimizations problem. GA is a robust global optimization technique, which can search through a large solution space fairly efficiently [8] .
The solution to a problem is called a chromosome. A chromosome is made up of a collection of genes which are simply the parameters to be optimized. The GA creates an initial population (a collection of chromosomes) base on the scanning object, evaluates this population, and then evolves the population through multiple generations in the search for a good solution of the problem. The block diagram for the path optimization in laser scanning system is shown in Figure 2 . The GUI was developed to simulate the operation of the laser scanner as illustrated in Figure 3 . Initially, the
scanning object would need to be entered. The population size would be generated based on the user setting and the chromosome length is determined by the number of the scanning objects. Basically, the chromosomes would be evaluated to be selected for crossover. Upon crossover process, invalid offspring with repeated genes may appear due to the encoding method. Therefore, checking operation is applied to clean and replace the repeated genes. Finally, 5% of the best strings would be selected from the population to perform the mutation process. The best string would be kept for the next generation. The optimization process would continue and stop if there is no improvement made after 500 generations.
Selection
In order to select the chromosomes from the population for crossover as to produce offspring, the Roulette Wheel selection method has been applied. Initially, the calculation is performed based on the fitness of the chromosome.
Where, n = length of chromosome f n = n th chromosome's fitness P n = selection probability
After that, the chromosome is selected by randomly generated number, r ∈ [0, 1]. Then the chromosome would be selected for crossover. Note that the probability of a chromosome being selected is higher if the value of its fitness is higher as the chance to be selected is exponentially proportional to the fitness.
Crossover Operators for Real Coding
The crossover operation is a method for sharing information between chromosomes. Generally, it combines the features of two parent chromosomes to form two offspring, with the possibility that good chromosomes may generate better ones. It has always been regarded as the primary search operator in GA [9] because it exploits the available information from the population about the search space. Moreover, it is one of the components to consider for improving the behavior of the GA [10] .
Let us assume that two chromosomes have been selected from the general population based on their fitness value: ) p ,..., (p P Then the crossover operator would be applied to the selected chromosome. The following describes the operation and the effects of the two-point crossover [12] . Two-point crossover is a generalization of the simple crossover where two crossover points are selected randomly:
Where, i = lower bound j = upper bound n = length of chromosome Eventually, there are no fixed methods associated with the crossover for real coded genetic algorithms. In the proposed system, the Dynamic Variable Length Two Point Crossover (DVL-2PC) would be implemented. The solutions from the real coded GA scheme with the (DVL-2PC) crossover operation would be checked by the clean-up operator to prevent the chromosome to have any repeated gene before the offspring mutations.
Checking Operators
After the crossover process, the proposed checking operator would check the chromosome to find out whether it is valid or not. Each of the scanning objects can only be visited by the scanning head for once. Example, if the checking operator has identified that the child chromosome (O 1 ) below having two invalid string, it would start to check the location of the repeated genes. 
Mutation
The mutation operator arbitrarily alters one or more components of a selected chromosome. Its role in GA is to prevent the solution from being trapped in local optima. This can be done by restoring the unexpected genetic material into the population. However, mutation of gene by simply hanging it to a different number would cause invalid situation, as the repeated gene (scan object) may be generated in this case. In order to overcome this limitation, two point mutations were implemented, where the two randomly selected genes would swap with each other. Thus, the new generated offspring would be always valid.
Results and Discussion
The simulation was conducted on the different sizes of population by using the GA parameters as given in Table 1 . Figure 4 shows the simulation result of the optimized scanning path with a population size of 10. Next, the system has been tested with different sizes of population. From Figure 5 , it can be observed that when the population is larger, the convergence process would be faster. The large size of the population would eventually increase the computational or processing time. Therefore, the population size is best fixed at 50 to 100. The fitness function also would affect the efficiency of the optimization process. The effect of the fitness function to the optimization process has been simulated as shown in Figure 6 Fitness function must be carefully designed and tested. The fitness function given by equation 2 has been evaluated. The required number of generations and the value for the optimized solution has been recorded in Table 2 . Moreover, it can be observed that the solution can be easily trapped in the local optima if the exponential fitness function is set to have higher control value of Γ parameter. In addition, if the value of Γ is set to a smaller value, it would require longer time to be optimized. From the simulation, Γ2 has been selected as it gives better optimized solution and faster in convergence. 
Conclusions
In this paper, the optimization of the objects scanning sequence has been solved by using the developed software, employing the GA evolution. The best suit fitness function and the GUI simulator have been introduced to determine the best solution for the scanning optimization. From the results, the required scanning time and the laser-on time could be optimized. Thus, it increases the life span of the laser diode usage.
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